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All of the dermatophytic fungi have been placed by Emmons (1) in three
genera: Trichophyton, Micros porum and Epidermophyton, primarily on the basis
of the morphologic characteristics of the macroconidia.
M. gypseum was described in the above paper as reproducing "in culture prin-
cipally by macroconidia, although conidia are also present. The macroconidia
of this species are not so pointed as those of M. felineum and have fewer cross-
walls".
Conant (2), in his biometric studies of the genus Microsporum made 1200 de-
terminations of the size of the macroconidium of several isolates of M. gypseum
and according to his observations none were less than 28 j in length. Sizes
ranged from 28 j to 56 .
Lewis and Hopper (3), Dodge (4), and Negroni (5), give similar figures. The
smallest size cited by Swartz (6), is 28 j.
It is generally accepted that in infections caused by all members of the genus
Microsporum the hair is covered by a sheath of small spores. This type of inva-
sion is spoken of as the small-spored ectothrix type. However, in infections by
M. gypseum, there are some reports of other types of hair invasion. According
to Sabouraud (7), hairs invaded by M. gypseum occasionally may appear to be
of the favic type with mycelium, arthrospores and air bubbles in the interior of
the hair.
Lewis and Hopper (3), state that in some cases hairs infected by M. gypseum
have a striking resemblance to those invaded by T. schoenleini. Negroni (5),
considers the M. gypseum invasion of the hair as an endothrix-type containing
hyphae that segment into arthrospores. He states, in addition, that when an
infected hair is mounted in 40% KOH some air bubbles can be seen. This pic-
ture is similar to that observed with hairs infected by T. .schoenleini.
Microsporum hairs exposed to the Wood's light usually fluoresce with a light
green to bright yellow green color. Wilson, et al. (8), and Sharp (9), however
could not find fluorescence in their M. gypseum cases. Neither could Georg (10),
find fluorescence in the lesion of a dog from which she isolated M. gypseum.
In the present paper we report a case of ringworm of the scalp in which hair
invasion was of the favic type with mycelium and air bubbles inside the hair,
and without an external mosaic of spores. In culture the etiologic agent produced
colonies that were very similar to those of M. gypseum except that the macro-
conidia were remarkably smaller than those described for this species. When
inoculated into a human subject and into laboratory animals, this fungus pro-
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duced characteristic ringworm lesions, and cultures recovered from these lesions
were morphologically similar to those of the inoculum.
CASE HISTORY
The patient, an 8 year old white boy, had a typical kerion of the scalp about 3 inches in
diameter and two enlarged glands at the nape of the neck. The hair at the site of the lesion
was lusterless, brittle and easily detachable. Examination of the hairs showed septate and
nonseptate endothrix hyphae (Fig. 1). Other hairs contained irregularly fragmented hyphal
threads. When hairs were mounted in Harleen resin (11) air was seen to emerge from within
the hair shaft, as the mounting liquid penetrated.
Some hairs were entangled at their roots in a mesh of hyphae. No spores were seen cover-
ing the hair shaft. Thus the appearance of the infected hairs was of the favic type.
A careful examination of the kerion 3 days later did not disclose any seutula which, al-
thought observed rarely in some M. gypseum infections, are the typical structures found
in 7'. shoenleini infections. A second harvest of hairs made at this time gave same picture
as before. Hairs exposed to the Wood's light* fluoresced with a light green color.
Hairs were planted on Sabouraud agar of the following composition: polypeptonet—10
gs.; dextrose—40 gs.; and distilled water—1000 ml., to which 40,000 units of penicillin and
80,000 units of streptomycin, were added. In addition, a medium containing the same ingre-
dients plus 0.200 mg. of cyeloheximide, (12), per ml., was also used.
By the fourth day a white cottony growth appeared on both media. The reverse was
orange. On the eleventh day the colony had become granular and buff colored on the sur-
face; the reverse was brownish-red (Fig. 2).
MICROSCOPIC EXAMINATION
Microscopic examination of the growth obtained on Sabouraud agar with
penicillin and streptomycin and on the same medium plus cycloheximide was
made at the time the colony became granular. It was difficult to find other struc-
tures beside the abundant, small, pear shaped, thick-walled, finely verrucose or
occasionally smooth two or three-celled macroconidia. Some were almost spheri-
cal, others were elongated (Fig. 3). A few were aseptate. These spores were el-
liptical in form with truncate bases. Size ranged from 12 s to 18 in length by
S to 7.5 js in width. Very few measured up to 24 the larger ones had 3 or
more septa. A few microconidia were observed, but no otber structures were
found. Fig. 4 depicts difference in size of the macroconidia of a typical strain of
M. gypseum and the culture under study.
To determine whether the development of these unusually small macroconidia
could be attributed to the action of the antibiotics in the medium, particularly
that of cycloheximide, transfers were made to flasks of polished rice medium and
plain Sabouraud dextrose agar. Slide cultures were also made with this last
medium according to the technic of Riddell (13). Two strains of IkE. gypseune:
One from the Communicable Disease Center, Atlanta, Georgia (No. 207) and
another recently isolated by one of us (Vidal) from a dog, were cultured in the
cycloheximide medium.
* Burton's "Black Light" No. 1910, Burton Mfg. Co., Los Angeles, Calif.
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The growth on rice and on Sabouraud dextrose agar without antibiotics was
granular and buff-colored at the end of five days and microscopically was found
to produce the same structures as observed previously.
Pleomorphi c tufts of mycelium appeared with age in some cultures on all
media.
A microscopic examination of the slide cultures on Sabouraud dextrose agar
after 11 days of growth revealed the development of one and two-celled macro-
conidia. Occasional sessile microconidia clavate in form and measuring 5 u by
2 were also found. In addition racquet hyphae, intercalary chiamydospores,
pectinate hyphae, and some loose coils of mycelium were noted.
After five serial transfers on the antibiotic medium the cultures of M. gypseum
(C.D.C. 207, the Vidal strain) and our small spored form did not undergo any
change in their macroscopic or microscopic morphology.
GROWTH ON KERATIN SUBSTRATA
In order to determine if our small-spored isolate could thrive on keratin, hairs
and toenail slices from adults were used as growth media.
A saline suspension of mycelium and spores harvested from a colony grown
on Sabouraud dextrose agar was poured over sterile moist soil in two Petri
dishes and tufts of sterile auto-claved hairs were placed on the surface as bait.
These slices of autoclaved toenails were placed on a sterilized slide supported
on a V-shaped glass tube in a Petri dish and inoculated with a vigorously grow-
ing culture. Water soaked cotton was placed in the dish to supply moisture.
Similar pieces of toenail were mixed in plain 2 % agar, melted, cooled to 45 C.
and poured into small Petri dishes (14). Other fragments were pressed into the
surface of 2 % agar plates.
As a control, a third planting was made on 2 agar plates free of keratin.
RESULTS
Seven days later the hair on the soil plates was covered by a gray growth of
mycelium (Fig. 5). When examined the hairs were seen to be covered by a mesh
of hyphae bearing numerous macroconidia (Fig. 6). Many microconidia en thyr-
.ses were present in contrast to the few found on the slide cultures. Most hairs
showed no morphologic changes but some had become eroded. No other altera-
tion was seen.
A week later the bait was brittle and when examined under the microscope
the hair filaments showed a hazy contour along all or part of their length. Some
were pierced by the so-called "perforating organs" (Fig. 7) (15, 16). The num-
ber of macroconidia by this time was so great that the individual hairs could no
longer be made out in some areas.
Toenail slices without agar supported a fair amount of growth by the 12th
day. The other nail cultures gave a similar picture.
Scanty, non-sporulating mycelial growth was obtained on the plain agar
medium.
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PATHOGENICITY
To determine the pathogenicity of this interesting organism, a human volun-
teer, 44 young guinea pigs averaging 90 gs. in weight; 13 kittens, and two young
Macaca mulata monkeys were inoculated. The human subject was a 59 year old
male adult. The skin of his left forearm was cleansed with alcohol but not depi-
lated and then coated with a thin layer of Sabouraud cycloheximide medium.
On this prepared surface mycelium and spores from a colony recovered from an
experimentally infected guinea pig was rubbed in vigorously.
Five days later the inoculated area became erythematous and at the end of
the 10th day minute vesicles developed at the periphery. After thirteen days the
vesicles became pustular and were about 1 mm. in diameter. The hairs became
matted and the periphery of the lesion was clearly delimited from the normal
skin. Slight itching developed at this time.
Seventeen days later, the vesicopustules disappeared leaving no mark and the
lesion reached its maximum size. It was circular in form, slightly elevated, deep
reddish in color and crusty, having well defined regular margins. Its diameter
was 2.5 cm. (Fig. 8). Regression of the lesion began at the 5th week.
Two days before the decline of the lesion KOH preparations of 50 hairs were
made and, although many hyphae were intertwined around most of them, none
were invaded.
Chains of round arthrospores of different sizes (Fig. 9) could be seen.
Crusts from the lesion contained branching hyphae. The inoculated organism
was recovered from both the hairs and crusts of the lesion on the cycloheximide
medium.
The infection lasted 7 weeks. A week after inoculation the volunteer dis-
covered by chance that he had developed an hyperglycemia of 180 mg., which
was more or less constant throughout the evolution of the lesion.
The experimental animals were shaved on one side of the back and on the
other side the hair was cut short. The areas were scarified and rubbed with my-
celium and spores suspended in 10% tween saline solution obtained from a
vigorously growing culture derived from a single spore. Development of ery-
thematous scaly lesions was the most common response although in many cases
crusts were produced (Fig. 10). Skin scrapings showed branching septate hyphae.
The hair follicle was apparently not involved. The lesions in both the guinea
pigs and cats were similar, appearing about the fifth day and lasting about two
weeks. By then the inoculated area was covered with new hair. Lesions developed
in 38 of the inoculated guinea pigs and the organism was recovered from 10.
Eight of the thirteen cats developed lesions and the test organism was recovered
from 6.
Infections were not obtained in the 2 young monkeys.
PATHOLOGICAL FINDINGS
Histopathologic studies were carried out on the guinea pigs. Small pustules
and crusts were found in some places on the epidermis which was hyperkeratotic.
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Spongiosis and excoriations were seen. Hair follicles sectioned in different planes
showed no abnormality. No pathologic changes were seen in the dermis and sub-
cutaneous tissues.
COMMENTS
The identity of the fungus under study was at first puzzling because the type
of hair invasion was similar to that produced by T. schoenleini whereas the cul-
tural characteristics more nearly corresponded to those of M. qypseum.
Although hair invasion by the Microsporum species is usually of the small
spored ectothrix type, the production of hair invasion of the favic type by
M. gypseum had been reported previously by Sabouraud (7), Negroni (5) and
Lewis and Hopper (3).
It should be noted however that despite the great number of hairs examined
from the human volunteer and from the experimental animals no endothrix or
ectothrix type of hair invasion was seen.
Many hairs from the human experimental infection showed a mesh of hyphae
around them in the same fashion as those found in the hair of the patient.
The general characteristics of the colony regardless of the medium used were
that of a fast growing strain of M. gypseum, cottony white on the surface and
by the fifth day changing to granular buff and brownish-red.
Some subcultures developed brown and red surface color variations. It is well
known, however, that color variations are often found in dermatophytes. The
culture isolated was transfered serially on the cycloheximide, penicillin and
streptomycin medium over a period of one and a half years and did not undergo
any microscopic change. No matter which medium was used pleomorphic changes
occurred with aging, even on Sabouraud's conservation medium.
This strain is considered to be a dermatophyte because: it was found and cul-
tured repeatedly from infected hairs obtained from a ringworm-like scalp lesion
in a patient and on the basis of experimental inoculation on a human volunteer
and experimental animals.
A property shared in common with M. gyp.seum and other dermatophytes is
the ability to attack hair in vitro. That this fungus is able to lyse hair was ob-
served in vitro.
It is interesting that this organism thrives on toenails because it is well known
that members of the Microsporum genus do not attack nails in humans. Yet the
growth of M. gypseum in vitro on nails has been reported by Page (14). It also
shares the property of Microsporum invaded hairs of fluorescing with a bright
green under the Wood's light.
We believe it should be identified as a variety of M. gypseum because the
macroscopic and microscopic characteristics of the colony are essentially similar
to those of M. gypseum. The principal variation exists in the relative size of the
macroconidia.
Although with our fungus we have not been able to find the usual mosaic of
small spores on the surface of hairs, characteristic of the Miscosporums, there
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are records in the literature describing infections where invasion of the hair was
similar to that seen in our ease (3), (5), (7).
For the above reasons we suggest the classification of this organism as M. gyp-
scum var. mama.
Only 5 eases of M. gypseum infection have been observed in Cuba (17, 18),
3 of tinea capitis and 2 of the smooth skin. Hairs were examined microscopically
in only one of the scalp cases and in this instance hair invasion was of the eeto-
thrix type in mosaic showing some chains of spores.
Seven months after our finding of this dwarf form of M. gypseum a similar
strain was isolated from a glabrous skin infection by Dr. Trespalacios of the
Department of Dermatology and Syphilology of the Calixto Garcia Hospital,
University of Havana. Through his courtesy we had the opportunity of study-
ing this strain and found that it was similar to our A!. gypseum var. mama.
SUMMARY
A new variety of M. gypseum is described. This strain conforms in all respects
with the characteristics of A!. gypseum except for the size of the maeroconidia.
Due to the development of small spores it has been given the name of A!. gyp-
scum, var. mama.
In a human volunteer and in experimental animals lesions were produced
similar to that seen in the original patient. The hairs were not invaded, but
scrapings from the experimental lesion showed actively growing myeelium, and
the organism was recovered in an unchanged form from the experimental animals.
The authors are indebted to Drs. Libero Ajello, Lucille K. Georg and Morris A. Gordon
from the Communicable Disease Center, Mycology Laboratory, Public Health Service,
Atlanta, Ga., for their criticism, advice and revision of the manuscript, and to Drs. Norman
F. Conaut and Frederick A. Wolf from The Department of Bacteriology, Duke Medical
School, and from the Department of Botany, Duke University, Durham, N. C. for their
criticism and help in the accomplishment of this work.
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PLATE I
EXPLANATION OF FIGURES
FIG. 1. Hair of the patient showing endothrix hyphae.
FIG. 2. Co'ony of Microsporum gypseum var. nave in Sabouraud dextrose agar after 11
days.
FIG. 3. Echinulated macroconidia of M. gypseum var. mane slightly out of focus to stand
out the spiny surface >< 430.
FIG. 4. Macroconidia of a M. gypseum strain isolated from a dog and of M. gypseum var.
mama N 430. Note difference in size.
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PLATE II
EXPLANATION OF FIGURES
FIG. 5. Soil plate showing growth of M. gypseum var. none on human hairs after 7 days.
FIG. 6. Microscopic appearance of the growth on human hair. Note profuse production
of macroconidia and hyphae X 150.
FIG. 7. Perforating organ almost sectioning a hair.
FIG. 8. Experimental human lesion produced by M. qypseuin var. none 17 days after
inoculation.
FIG. 9. Chain of spores in crusts from the experimental human lesion X 430.
FIG. 10. Erithematous scaly and crusty lesion on the scarified skin of a guinea pig.
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PLATE II
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